Aim-To determine serum laminin concentrations in patients with uncomplicated Plasmodiumfalciparum malaria. Methods-An enzyme linked immunosorbent assay (ELISA) was used to determine serum laminin concentrations in 54 patients with acute uncomplicated Pfalciparum malaria during and after treatment, and in 17 control subjects in Bangkok, Thailand. Results-Raised concentrations of soluble laminin were observed in patients (mean (SD) concentration 628 (225) nglml), compared with normal controls (490 (116) nglml), during the acute phase of the disease. During treatment, serum lamiiin concentrations decreased and returned to normal within three days. Serum laminin concentrations were correlated with parasite counts before treatment, and with the serum concentration of soluble intercellular adhesion molecule-i (ICAM-1), soluble E-selectin, and soluble tumour necrosis factor receptor at 55 kilodaltons. Conclusions-These findings are compatible with an increased production or release of laminin in P falciparum malaria, which could indicate a role for the subendothelial basement membrane in the pathogenesis of the disease.
Laminin, a 900 000 kilodalton multidomain glycoprotein, is produced by a variety of cell types, including epithelial cells, endothelial cells, muscle and Schwann cells.' 2 It is associated with several components of basement membranes, including collagen IV, heparan sulfate proteoglycan, and nidogen/entactin.34 The cruciform structure of laminin, with a number of functional domains, linked by rodlike elements, is well suited for bridging interaction sites and for mediating interactions between cells and extracellular proteins.5 6 Serum laminin is increased in patients with hepatic fibrosis,7 8 several different types of tumours,9 essential cryoglobulinaemia,"' systemic sclerosis," and in hepatic schistosomiasis. ' 2 Basement membrane degradation has been shown to be related to serum laminin P1 in patients with transitional cell carcinoma of the bladder."3 These patients had higher serum laminin concentrations than control subjects.'4 The extracellular matrix can induce tumour necrosis factor a (TNFa) in vitro in the absence of an antigen in an MHC-II independent manner.'5 16 TNFa downregulates the expression of the a 6 subunit of the a 6, fi 1 integrin complex (laminin receptor), thus reducing the adhesion of TNFa activated endothelial cells to laminin in vitro. '7 As TNFa concentrations are raised in P fakipanum malaria,'8'9 and the roles of extracellular matrix and circulating basement membrane proteins in this disease are unknown, we undertook an immunoserological study of serum laminin in patients with uncomplicated P falciparum malaria from Bangkok, Thailand. Daily clinical examinations were performed during the acute phase of the disease. Body temperature was measured until it became normal. All patients were followed up for 28 days.
The routine laboratory analyses included red blood cell count, haematocrit, haemoglo- 25 It is not known if extracellular matrix proteins have a role in the pathogenesis of malaria. However, serum laminin concentrations were raised in patients compared with normal controls before treatment. The observed correlation with parasitaemia (p = 0-017) indicates a parasite related production of laminin. In other febrile illnesses with endothelial damage, such as Gram negative sepsis, an increase in serum laminin concentrations was shown to predict acute respiratory distress syndrome.26 However, raised serum laminin concentrations were also found in various non-inflammatory diseases7-'4 and in patients with impaired liver function.8 It is therefore unlikely that laminin acts as an acute phase protein.
Increased interleukin-6 (IL-6) concentrations have also been found in patients infected with Pfalciparum and the bioactivity could be neutralised in patients' sera using oligoclonal anti-IL-6 antibodies.27 Basement membrane laminin was observed to induce IL-6 secretion in vitro.28 Such a cytokine induction of laminin may modulate the immune response to Pfalciparum.
Multicellular interaction with extracellular matrix proteins, exposed as a consequence of vascular wall injury mediated by sequestrated P fakiparum infected erythrocytes, can serve to stimulate the secretion of TNFa which induces the recruitment of additional cells to the developing lesion. The adhesion of endothelial cells to laminin in subendothelial basement membrane is reduced by TNFa mediated down-regulation of the endothelial laminin receptor (the a 6, fi 1 integrin).9 This also leads to the exposure of subendothelial matrix to the blood stream.
Whether laminin is an adjuvant for cytoadherence for P fakiparum infected red blood cells, mediating adhesion to subendothelial basement membrane, or a marker for endothelium destruction by adherent infected erythrocytes and subsequent release of basement membrane compounds in the blood, remains to be elucidated.
